ABSTRACT
implantado via pars plana na câmera vítrea, imediatamente antes da facoemulsificação (grupo dispositivo [GD], n=20). Após a cirurgia, o grupo controle (GC) recebeu terapia esteroide, midriático e antibiótico. O mesmo protocolo de tratamento foi adotado no GD, exceto pelos esteroides. Todos os olhos foram examinados antes do procedimento e em diferentes tempos após a facoemulsificação. A ultrassonografia mostrou que o dispositivo diminuiu em tamanho, sendo observado, apenas, remanescentes aos 60 dias de pós-operatório (DPO). Sinais de uveíte foram observados em 35% do GD no
 DPO 7, entretanto, no DPO 14, 50% dos 
olhos tiveram sinais de uveíte e requereram terapia esteroide local. A pressão intraocular (PIO) foi maior no GD, comparativamente ao GC, imediatamente após a cirurgia. A PIO não diferiu no DPO 7 e no DPO 14, entretanto foi menor nos momentos pós-operatórios mais tardios (DPO 30 a 90). Valores de flare foram maiores no GD que no GC, imediatamente após a cirurgia, mas não mostraram diferenças nos momentos subsequentes. Em suma, o dispositivo intravítreo de dexametasona não controlou adequadamente a inflamação intraocular em cães submetidos à facoemulsificação.

INTRODUCTION
Anti-inflammatory eye drops are the most common postoperative medication used to control uveitis after phacoemulsification (WEINER & GILGER, 2010 is extremely important to achieve good results, once the frequency of administration of topical medications is high in the first days following the procedure (WEINER & GILGER, 2010) . To solve this problem, researchers have attempted to develop a device that gradually releases anti-inflammatory drugs at therapeutic levels. This type of treatment allows a specific tissue or cell type to be targeted while minimizing exposure to other tissues, virtually eliminating adverse systemic effects (BEHAR-COHEN, 2002) .
The poly (lactic-co-glycolic acid) (PLGA) copolymer has been successfully used to fabricate devices for the sustained release of antiinflammatory drugs, such as dexamethasone (LEE et al., 2003; CHANG-LIN et al., 2011) . These devices can be placed in the anterior or posterior chamber and have been shown to be more effective than topical treatments (TAN et al., 2001; LEE et al., 2003) . Previous studies have shown that sustained dexamethasone release devices are biocompatible, safe, and effective for controlling ocular inflammation after phacoemulsification in humans (VIANNA et al., 2013) . In this respect, a Brazilian research group has developed a new device for the treatment of posterior segment inflammation that slowly releases anti-inflammatory drugs. This device is not toxic to human or rabbit eyes and can release dexamethasone at therapeutic concentrations for 21 days (FIALHO et al., 2007; SIQUEIRA et al., 2013) .
The uveitis observed immediately after phacoemulsification is generally more severe in dogs than in humans. Therefore, we have carried out a study to evaluate the efficacy of an intravitreal dexamethasone-loaded device for the treatment of postoperative inflammation following phacoemulsification in dogs. To the best of our knowledge, this is the first study of its kind.
MATERIALS AND METHODS
The cylindrical devices measured 1.5 ± 0.2mm in length and 0.4 ± 0.03mm in diameter, were manufactured with 50:50 PLGA copolymer as a matrix to carry, and release dexamethasone at a concentration of 25% w/w (patent number WO 2008/025111 A2).
Twenty dogs of different breeds [Poodle (n=11), mixed breed (n=4), Schnauzer (n=1), Beagle (n=1), Lhasa apso (n=1), Yorkshire terrier (n=1), Cocker spaniel (n=1)], being 6 males, and 14 females, with ages ranging from 7 to 12 years, were included in the study. The dogs were referred to our veterinary ophthalmology service and were considered to be healthy after a full clinical, hematological, and biochemical evaluation (alanine aminotransferase, creatinine, and blood glucose). On the basis of the ocular findings, only dogs with mature cataracts and with a functional retinal response (assessed by electroretinography) were included.
Preoperative treatment period began 7 days before phacoemulsification. During this period, dexamethasone/tobramycin combination eye drops (Tobradex, Alcon, São Paulo, Brazil) were instilled every 6h. Additionally, dogs were allowed to adapt to wearing an Elizabethan collar before surgery. Topical atropine sulfate (1% Atropine; Allergan, Guarulhos, Brazil) was administered 30min before the beginning of the surgical procedures. A bolus of flunixin meglumine (1mg kg-1; Banamine, Schering Plough, São Paulo, Brazil) was intramuscularly administered 30min prior to surgery.
Animals were randomly assigned to either the conventional group (CG, n = 20 eyes of 10 dogs) or to the device group (DC, n = 20 eyes of 10 dogs). Dogs in the CG were treated according to a traditional protocol (described in detail later) while those in the DG had a dexamethasone-loaded device implanted in the vitreous.
Patients from both groups were prepared for surgery using routine anesthetic and antiseptic protocols. To avoid eventual complications related to ocular hypotony, the sustained-release dexamethasone devices were inserted before the phacoemulsification procedures. An applicator (25G 4mm trocar cannula, Alcon) was used to insert the device through the pars planna into the vitreous chamber at a position 5mm from the limbus.
Bilateral bimanual phacoemulsification (Facoemulsificador Universal II; Alcon) was performed using the "divide-and-conquer" technique. Following cataract extraction, a foldable acrylic lens was implanted (Intraocular implant; Medicontur, Geneva, Switzerland). The same surgeon performed all the procedures.
After surgery, oral prednisone (1mg kg-1) was given to dogs in the CG every 24h for 15 days. The steroid dose was gradually reduced over the following 15 days. Dexamethasone/tobramycin combination eye drops (Tobradex) were administered every 4h for 7 days after surgery. The dose was then reduced to one drop every 6h for a minimum of 21 days. Both 1% brinzolamide (Azopt, Alcon) and 1% tropicamide (Mydriacyl, Alcon) were administered every 12h for the first 7 days after surgery. Similar protocols were followed for the DG group, apart from the local and systemic steroids therapy. However, complementary steroid eye drops were administered to patients in the DG if their eyes showed signs of persistent or worsening uveitis.
Signs of uveitis were evaluated before, at the end of each procedure, 7, 14, 30, 60, and 90 days after surgery. Uveitis was graded assessing conjunctival hyperemia, corneal edema, and anterior chamber fibrin using the following subjective qualiquantitative criteria, as proposed by ANDRADE et al. (2011): absent, mild, moderate, and severe. Intraocular pressure (IOP) was measured at each time point. The amount of flare was evaluated using laser flaremetry (FM600, Kowa, Nagoya, Japan). Vitreoretinal changes were monitored using both A-scan and B-scan ultrasound biomicroscopy, and tests for assessment of visual perception and deviation of objects were considered. The same veterinarian evaluated all the animals.
Qualitative or categorical variables were analyzed using the Friedman and the Wilcoxon tests. Quantitative variables were evaluated using one-way analysis of variance for repeated measures with Tukey or Bonferroni post-hoc testings. Data are expressed as mean ± standard error. The probability of developing uveitis was determined using Kaplan-Meier analysis. Statistical significance was defined as p≤0.05.
RESULTS AND DISCUSSION
The research protocol used here was adopted from the methods of TAN et al. (1999) , which compared device efficacy to that of traditional treatment methods without the use of a placebo implant. We believe that the use of placebo (free of topical anti-inflammatory agents to treat postoperative uveitis) does not provide a fair comparison of the device to conventional treatments. Ultrasonography performed on postoperative day 7 (POD 7) (Figure 1 ) revealed a rod-shaped hyperechoic structure with no acoustic shadowing in the superior temporal quadrant in all DG eyes. This finding is consistent with the expected appearance of the device on ultrasound. On POD 30, the rod-like hyperechoic areas were thinner than observed immediately after surgery. On POD 60, only small hyperechoic points were visible, indicating that only device remnants remained. Devices were no longer visible on POD 90.
In the present study, Kaplan-Meier estimator analysis showed that 65% of eyes in the DG had no signs of uveitis on POD 7. By POD 14, this number had dropped to 50% (Figure 2 ).
The eyes in the DG with uveitis had more severe inflammation than eyes in the CG with uveitis and requiring complementary local steroid therapy. KLEIN et al. (2011) considered uveitis to be significant when signs persisted for at least 3 weeks. On other the hand, WILKIE & COLITZ (2013) recognized that uveitis-related complications can occur late and the early detection and treatment of ocular inflammation can have a significant effect on long-term therapeutic success.
Hyperemia was observed in the CG immediately following surgery in 40% of eyes (p = 0.21 vs. DG), but had resolved by POD 30 (p = 0.00 vs. DG). In contrast, approximately 90% of the eyes in the DG group showed conjunctival hyperemia 14 days after surgery (p = 0.00 vs. GC). This condition was most severe in the superior bulbar conjunctiva (the site of the device insertion), and persisted in some eyes (15%) until POD 60 (p = 0.07). We considered that device insertion was the most likely cause of this hyperemia because it has been shown to be associated with a high likelihood to cause inflammation (RADI & RENDER, 2008 ) and the conjunctiva was highly vascularized. However, it is important to mention that inflammation was not reported by FIALHO et al. (2006) after device insertion.
Immediately after surgery, moderate corneal edema was more common in the DG (70% of the eyes) than in the CG (15%, p<0.001); this could be related to the greater flare observed in the DG (Figure 2) , and the increased possibility of endothelial decompensation. Edema (both groups) subsequently decreased in severity and no significant differences were observed between DG and GC (p = 0.73, POD 90). In general, edema can be attributed to ultrasound, use of irrigating solutions, presence of anterior chamber air bubbles, or surgical manipulation (HAYASHI et al., 1996) . However, no previous studies have reported endothelial complications associated with the use of similar devices in the posterior segment (FIALHO et al., 2006) . A case report related these complications for one human patient, where due to intravitreal device migrated on into the anterior chamber (VELA et al., 2012) .
The dorsocaudal portion of the retina of a DG patient became detached near the device insertion site. In a previous rabbit study, a similar detachment was observed in 1 of 46 eyes that had received intravitreal implants (FIALHO et al., 2006) . Another study (JAGER et al., 2004) found that this problem was uncommon (0.9%) following intravitreal injections and generally occurred later as a result of a retinal rupture at the insertion site.
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Baseline IOP was 12.2 ± 0.86mmHg in the CG and 9.4 ± 0.72mmHg in the DG (p<0.01). Immediately after surgery, the IOP was lower in the CG (6.0 ± 0.42mmHg) than in the DG (13.50 ± 2.14, p<0.001). However, IOP was not significantly different between the groups on POD 7 (CG: 11.20 ± 1.45mmHg, DG: 8.70 ± 6.63mmHg, p = 0.13) or on POD 14 (CG: 11.20 ± 1.08mmHg, DG: 8.60 ± 0.74mmHg, p = 0.06). From POD 30 until POD 90, IOP values were lower in the DG in comparison to the CG [POD 30: 12.50 ± 0.95mmHg (CG), 8.20 ± 0.93mmHg (DG), p = 0.003; POD 60: 14.20 ± 0.92mmHg (CG), 7.10 ± 0.56mmHg (DG), p<0.001). The ultrasound times to emulsify the lenses were 272.9 ± 20.9 seconds for the CG and 282.8 ± 19.8 seconds for the DG (p = 0.29).
Phacoemulsification can induce pressure peaks in the first few hours after surgery. A previous study showed that intravitreal injection increases the risk of transitory IOP elevations (HOLLANDS et al., 2007; MOLLEDA et al., 2008) . However, this was not observed in the study, where the IOP remained within normal limits. The size of implant used in this study (lower compared with other devices) may partly explain our results of IOP, because ocurrence of changes in this variable seem to depend on the dimensions and the volume of implanted components (REGNIER, 2013) . Additionally, implantation of the device can cause a small loss of vitreous amount, which act as a compensatory mechanism able to maintain lower values of IOP. Other intraocular dexamethasone-releasing devices used in previous studies have not been found to cause a significant IOP changes (FIAHO et al., 2006 (FIAHO et al., , 2007 CHENNAMANENI et al., 2013) . However, a device containing fluocinolone acetonide has been reported to induce increase in IOP (BOLLINGER et al., 2011) .
The lower IOP values observed on POD 30 in the DG may be considered an adverse outcome from previous uveitis, despite this, there were no clinical consequences. However, the values remained similar to baseline prior to intervention. A survey of hypotony cases in human revealed that the condition can be associated with cataract surgery and previous uveitis (DANIEL et al., 2012) . Further studies should be conducted to clarify this result findings. Anterior chamber flare count measured immediately after surgery was higher in the DG (105.9 ± 13.9ph/ms) than in the CG (63.8 ± 22.2ph/ms; p<0.01). In the subsequent evaluations no differences in anterior chamber flare counts were observed between the groups (p>0.05). Anterior chamber fibrin was not observed in the CG at any time point. In contrast, mildto-moderate fibrin formation was observed in the DG from POD 7 until POD 14. Such findings originated from uveitis in the early stages in the DG.
The vitreous plays an important role in ocular metabolism, and differences in its composition can affect drug delivery to the posterior segment (BALAZS & DENLINGER, 1982) . Furthermore, small differences in vitreous-device surface interactions can have an influence on drug release and diffusion (FIALHO et al., 2006) . This may explain the mixed results seen in the DG. Drug release can occur in bursts during 4 weeks after device insertion (both in vivo and in vitro; FIALHO et al., 2006) and it is likely that such an event may have occurred in our study. Therefore, the device-released steroid is likely to enhance the effect of topical steroids used to control uveitis during postoperative weeks 2 and 3. Following phacoemulsification, the ocular environment appears to accelerate degradation in eyes with uveitis, leadings to faster drug release.
The inappropriate control of the intraocular inflammation in the DG may have been due to an irregular distribution of the drug within the polymer matrix, which would have resulted in inconsistent drug release. However, this possibility needs to be tested since other researchers reported that the drug is homogeneously distributed within the device matrix (FIALHO & SILVA-CUNHA, 2005) .
Studies have shown that the device releases dexamethasone at therapeutic concentrations and that these concentrations are maintained in the vitreous (FIALHO et al., 2007) . We believe that the drug diffuses from the vitreous to the anterior segment, therefore appropriate concentrations could not be maintained due to the high flow of renewal of the aqueous humor.
The need for complementary topical steroid therapy did not require systemic steroid therapy. This consideration is clinically important because systemic steroid use is associated with many adverse effects. When an intraocular device is used, the systemic exposure to dexamethasone is extremely low (CHENNAMANENI et al., 2013) . In fact, it is lower than when topical or systemic steroids are used (WEIJTENS et al., 2002) .
The Ozurdex is a device made from the same polymer of the device examined here; it can release dexamethasone for approximately 5 weeks. In clinical trials, the Ozurdex was shown to be effective in controlling inflammation following phacoemulsification with no apparent side effects (VIANNA et al., 2013) . The ineffectiveness of our device for controlling postoperative inflammation could be attributed to the lower concentration of dexamethasone used (250µg) in comparison to the Ozudex device (700µg).
CONCLUSION
The intravitreal dexamethasone device could not adequately control intraocular inflammation in dogs following phacoemulsification. 
